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ABSTRACT
Three Nigerian condiments were analyzed. Dried Irvingia gabonensis seeds and freshly fermented Parkia biglobosa and 
Prosopis africana were analyzed for their proximate composition, mineral contents and antimicrobial properties. The 
condiments were found to be very rich in protein (21.35 – 26.13%) with high energy values (351.13 – 595.05 kcal/
kg). The moisture content of  P. biglobosa and P. africana were very high (20.30 – 27.01%) compared to that of  Irvingia 
gabonensis (3.75%) which, however, had a higher fat content (55.09%). I. gabonensis also had higher content of  macro 
elements while P. africana was superior in micro elements. The extracts had higher anti-fungi activities but lower anti-
bacterial activities. The activity index increased with the polarity of  solvent of  extraction, methanolic extract being the 
most potent with the highest inhibition activities between 22 ± 1 and 27 ± 1 for fermented P. biglobossa.
   
Keywords: Condiments, mineral composition, nutrients, antimicrobial activity, Irvinga gabonensis, Parkia 
biglobosa, Prosopis africana.
Introduction 
A condiment is a relish, sauce or seasoning added to 
food to impact a particular flavour to the dish or to 
complement it. Codiments are usually introduced 
during cooking to aid flavouring and texture of  
the food though some are added prior to serving 
and during serving. They are generally pungent 
in flavour and are therefore added in fairly small 
quantities. 
Food condiments are prepared by traditional 
methods of  uncontrolled solid substrate fermen-
tation resulting in extensive hydrolysis of  the 
protein and carbohydrate components (Fetuga et al., 
1973; Eka, 1980). Apart from increasing the shelf  
life and reduction in the anti-nutritional factors, 
fermentation markedly improves the digestibility, 
nutritive value and flavours of  the raw seeds (Reddy 
and Pierson, 1999; Barimalaa et al., 1989). 
Soups are made from varieties of  leaves, pulses, 
nuts and condiments. They are usually eaten with 
staples thereby forming an essential component of  
the diet. The staple foods provide the calories but 
the soups are the main sources of  other nutrients 
needed by man. About 80% of  dietary proteins 
are obtained from seeds of  legumes and at times 
this is a major source of  protein for some groups. 
Their cooked forms are eaten as meal but they are 
commonly used in fermented form as condiments 
to enhance the flavour of  foods (Odunfa, 1985; 
Aidoo, 1986; Oniofok, 1996). With high contents 
of  protein, leguminous condiments serve as a tasty 
complement to sauces and soups and can substitute 
for fish or meat. In addition to the aforementioned 
benefits of  leguminous condiments, nowadays, they 
are employed in dietary strategies to control obesity 
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due to their high fibre, low carbohydrate and fat 
contents (Weintraub, 1992) rather than physical 
exercises (Oben, et al., 2008; WHO, 1998; Prentice 
and Jebb, 1995). 
Irvingia gabonensis is a tree in the family Irvingiaceae, 
and is sometimes known as wild mango, African 
mango, or bush mango and is widely used in the 
preparation of  various dishes in Eastern Nigeria 
and the West African sub-region.
Prosopis africana (Guill., Perrott. and Rich.) Taubert 
(Fabaceae) commonly referred to as ‘kirya’ in 
Hausa, ‘ayan’ in Yoruba, ‘ubwo’ in Igbo and ‘sanchi’ 
in Nupe is a common tropical plant. This plant has 
several medicinal applications in Nigeria, Mali and 
other African countries (Ezike et al., 2010; Kolapo 
et al., 2009). The fermented seed is used as soup 
condiment.
Parkia biglobosa (Jacq) Benth which belongs to the 
family Leguminoceae (Fabaceae) is popularly known 
as African locust bean tree. It is called ‘Igba’ or 
‘Irugba’ by the Yoruba, ‘Dorowa’ by the Hausa 
and ‘Origili’ by the Igbo of  Nigeria. P. biglobosa 
is known to provide an ingredient that is used in 
treating leprosy and hypertension. In the Gambia, 
the leaves and roots are used in preparing a lotion 
for sore eyes and decoction of  the bark is used as 
baths for fever, hot mouth wash and toothache 
relief  (Irvine, 1961). 
Fermentation products of  P. biglobosa are of  two 
types; one fermentation product is achieved with 
the addition of  kuruu a local catalyst made from 
Hibiscus sabdariffa and potassium carbonate (kaun) 
(Ikenebomeh, 1986; Odunfa, 1985), while the other 
does not involve the usage of  this catalyst. The 
addition of  the catalyst softens the bean seed faster 
and better. The soft fermented product is locally 
called iru pete while the hard one is called iru woro by 
the Yoruba. The two types were employed in this 
study. Prosopis africana seeds are usually fermented to 
produce ogiri-okpei. The condiments were analyzed 
in their ready to use forms.
Literature has reported works on the nutrients 
of  seeds and biochemical changes during the 
production of  condiments by fermentation, but 
comparative nutritional analysis between fermented 
seeds (condiments) of  Irvingia gabonensis, Parkia 
biglobosa and Prosopis africana is scarce. This study, 
therefore, reports the comparative nutritional 
analysis and health benefits of  these three 
West African condiments which are commonly 
consumed in this region. The antimicrobial study 
will indicate how potent these condiments can be 
as natural antimicrobial agents. The report of  this 
study may serve as a guide to consumers’ choice 
of  condiment when preparing food and also an 
advisory to industrialists embarking on commercial 
production. 
Material and Methods 
Sample collection, preparation and extraction
Dried Irvingia gabonensis, fermented Prosopis africana 
and Parkia biglobosa were purchased from ‘Pata’ 
market in Ilorin, North Central Nigeria. The 
samples were cleaned by hand picking of  the dirt 
particles and other physical contaminants. No 
further treatment was meted on the condiments. 
The samples were ground with mortar and pestle 
and kept refrigerated prior to analysis. The samples 
were divided into two parts. One portion was 
analyzed for proximate composition and metal ion 
concentration while the other was extracted with 
n-hexane, ethyl acetate and methanol successively 
allowing the sample to run dry by exposure to air 
at room temperature before the next more polar 
solvent was added. The extracts were filtered and 
the filtrates concentrated with rotary evaporator at 
a maximum temperature of  40oC for methanol. The 
crude n-hexane, ethyl acetate and methanol extracts 
of  the condiments were subjected to antimicrobial 
analysis. All chemicals used were of  ‘Analar’ grade 
from Sigma or BDH. 
Proximate analysis
Standard methods of  Association of  Official 
Analytical Chemists (AOAC, 2000) were used to 
determine the crude protein content, total ash, 
crude fat and moisture content of  the samples. 
Crude protein (Total nitrogen (%) x 6.25) was 
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determined by Kjedahl method, using 2 g of  
sample. Crude fat was obtained by exhaustively 
extracting 5 g of  sample in Soxhlet apparatus using 
n-hexane as the extractor. Ash was determined by 
the incineration of  2 g sample in a Muffle furnace 
maintained at 550oC for 5 h. Moisture content was 
determined by heating 2 g of  sample to constant 
weight in a crucible placed in an oven maintained 
at 105oC. The total carbohydrate content was 
calculated by difference. Energy value (kcal/kg) 
was calculated by multiplying the values obtained 
for carbohydrate, protein and fat by 4, 4 and 9 
respectively, and adding up the values. All the 
proximate analyses were carried out in duplicate 
and reported in percentage. 
Mineral analysis
The samples were digested by wet-digestion method 
using a combination of  perchloric acid, nitric acid 
and sulfuric acid (AOAC, 2000). Cu, Mn, Zn, Fe 
and Mg concentrations were determined by atomic 
absorption spectrophotometry (Pye Unicam SP9 
atomic absorption spectrophotometer, Cambridge, 
UK and methods described by the AOAC), while K, 
Na and Ca were determined by flame photometry.
Antimicrobial activity study
Microorganisms: Bacteria strains including 
Staphylococcus aureus (UCH 2473), Escherichia 
coli (UCH 0026), Bacillus subtilis (UCH 7423), 
Pseudomonas aeruginosa (UCH 1102), Klebsiella 
pneumonae (UCH 2894), Salmonella typhi (UCH 
4801) and fungi (Candida albicans, Aspergillus niger, 
Rhisopus stolon, Penicillum notatum,  Tricophyton rubrum, 
Epidermophyton floccosum), all clinical isolates, were 
used in the study.
Media and antimicrobial agents: Nutrient agar, 
sabouraud dextrose agar (SDA), tryptone soy agar 
(Oxoid Ltd, UK) were the media used in the assay. 
N-hexane, ethyl acetate and methanol (Merck) 
were used in solublising the extracts and the same 
solvents were used as negative controls in the 
assay. Gentamycin sulphate (1 µg/ml, Nicholas 
Laboratories Ltd., UK) for bacteria and Tioconazole 
(10 µg/ml, Oxoid, UK) for fungi were used as 
positive controls in the test for referencing.
Antimicrobial activity evaluation
Antibacterial test: Agar diffusion (Pour plate method)
The agar cup diffusion method of  Perez et al. 
(1990) and Irobi et al. (1994) was used with little 
modification. From the overnight broth cultures, 
each of  the test organisms was adjusted to 5 x 105 
cfu/ml using McFarland-Nephlometer standard 
(NCCLS) (2006). Zero point one (0.1) ml of  
the adjusted organisms was dispensed into the 
prepared molten sterile nutrient agar maintained at 
45oC. The mixtures were swirled gently, aseptically 
poured into sterile Petri-dishes and allowed to 
solidify. Wells, 8 mm in diameter, were made 
with heated sterilized cork borer according to the 
number of  the concentrations of  the extracts and 
standard antibiotic used as controls. The graded 
concentrations of  the extract and the antibiotic 
were dispensed into the wells. After the incubation 
period, antibacterial activity was determined by 
measuring the inhibition zones against the test 
organisms. The tests were conducted in duplicate.  
Antifungal test: Agar diffusion (Surface plate method)
The methods of  Perez et al. (1990) and Kavanagh 
(1963) were employed in the test. A sterile 
sabourand dextrose agar was prepared accordingly 
and aseptically poured into the sterile plates and 
allowed to solidify properly. From a week old fungi 
cultures, 104 cfu/ml of  fungal spore solution were 
prepared. From the fungal spore solution, 0.1 ml 
was spread on the surface of  the agar using sterile 
spreader. Wells, 8 mm in diameter, were made 
with a heated sterilized cork borer. Into each well, 
different concentrations of  the extract and the 
standard antifungal used as control were dispensed. 
Antifungal activity was determined by measuring 
the zones of  inhibition produced by the extracts 
and the control. Tests were conducted in duplicate 
to ascertain the results obtained.
Statistical analysis
Results were calculated from duplicate data and 
were expressed as mean ± standard deviations. The 
data were compared by least significant difference 
test using Statistical Analysis System (SAS, ver. 9.1).
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Results and Discussion
Proximate analysis
Nutrients derived from food are of  great 
importance and determine the quality of  the food. 
Protein, an important nutrient in diet is utilized 
for body building, maintenance of  body tissues, 
and production of  hormones and enzymes. Fats 
and carbohydrates supply energy and heat to the 
body. Fats are also involved in cell membrane and 
hormone formation and transportation of  soluble 
vitamins. The results of  the protein, ash, moisture 
and fat contents of  the various samples are shown 
in Table 1. 
Table 1: Percentage composition of  the nutrients in the samples
The proximate composition of Irvingia gabonensis in 
this study is comparable with that obtained by Ekpo 
et al. (2007) who recorded 2.10%, 58% and 19.40% 
for moisture, fat and protein content respectively, 
while this study recorded 3.75%, 55.09% and 21.52 
respectively for the same nutrients. The moisture 
content of  Irvingia gabonensis is very low (3.75%) 
compared to that of  P. biglobosa and Prosopis africana 
which means that Irvingia gabonensis will have a 
longer storage time than the others. The ash 
content of  Irvingia gabonensis, 16.35%, is far higher 
than those of  P. biglobosa (iru woro) 3.57%, iru pete 
4.85% and 4.53% for P. africana. This high ash 
content translates into high mineral and vitamin 
contents. The fat content of  Irvingia gabonensis is 
also very high, compared to others, which makes it 
a higher source of  energy and fat soluble vitamins. 
The protein contents of  the three condiments 
are very close; catalysed fermented P. biglobosa (iru 
pete) has the highest (26.13%) and Irvingia gabonensis 
has the least (21.09%). The catalyst used to aid 
iru pete’s fermentation, Hibiscus sabdariffa, is rich in 
protein and organic acids (Odebunmi et al., 2002; 
Al-Kahtani and Hassan, 1990; Qi et al., 2005) and 
may have improved the protein content of  this 
condiment. The food energy of  Irvingia gabonensis 
is highest and its high fat content is responsible for 
this while its total carbohydrate content is least.
Minerals
Minerals and trace metals are required in humans in 
trace amounts to maintain good health and excess 
of  it might be toxic. The high content of  metal ions 
of  Irvingia gabonensis seen in Table 2 is commensurate 
with the high ash content shown in Table 1. 
Potassium was particularly high in this condiment 
compared with its quantity in other condiments, 
which makes it a cheap source of  this important 
mineral. Sodium is part of  the resting membrane 
potential of  a cell (i.e. the difference in electrical 
charge between the inside and outside of  a cell). 
Sodium also allows for nerve cell function; without 
it the brain would not be able to send messages and 
the muscles would not move. Irvingia gabonensis has 
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the highest concentration of  sodium (599.98 mg/
kg) while the other condiments have values that 
fall in the region of  half  of  this quantity (274.48 
– 339.78 mg/kg). Sodium salt of  glutamine is the 
principal ingredient in seasoning. High content 
of  sodium makes a condiment a strong seasoning 
agent; therefore with the highest quantity of  sodium 
in Irvingia gabonensis, it is expected to be the most 
pungent of  the three condiments. Also, Irvingia 
gabonensis had the highest potassium concentration 
(6,125.5 mg/kg), followed by P. africana with 
1582.63 mg/kg while those of  P. biglobosa are 232.63 
and 207.13 mg/kg. Irvingia gabonensis had above the 
recommended daily allowance of  2,500 mg for man 
(NRC, 1989), and large quantities of  P. biglobosa are 
to be consumed to meet this daily requirement. 
The values of  Na and K ions for uncatalysed 
fermented P. biglobosa (iru woro), catalysed fermented 
P. biglobosa (iru pete) and P. africana (okpei) are low 
compared with that of  Irvingia gabonensis. This 
observation might be explained by the fact that 
P. biglobosa and P. africana are subjected to boiling 
and washing during production process which may 
have resulted in the leaching of  these metal salts. 
Achinewhu (1986) recorded a decrease in metal 
content with fermentation process but Ogbonna et 
al. (2001), Odibo et al. (2008) and Enijiugha (2003) 
had observed increases in calcium, phosphate and 
potassium with fermentation during African yam 
beans and P. africana production. 
Table 2: Metal ion analysis of  the samples
Fe, Cu and Zn are needed by man for biochemical 
functions in the system. Fe and Cu are present in 
the enzyme cytochrome oxidase involved in energy 
metabolism. These metal ions are trace minerals 
and are therefore required in minute quantities. Fe 
concentration is between 101.01 and 166.31 mg/
kg, Cu between 17.34 – 55.10 mg/kg and Zn 43.86 
– 195.89 mg/kg for the condiments. The daily 
Fe requirements by humans are 10 – 15 mg for 
children, 18 mg for women and 12 mg for men. Cu 
requirement is 2 mg daily. Consumption of  these 
condiments readily supplies the daily requirement 
of  the micro elements (NAS, 1976).            
Ca is the most abundant of  all the metal ions in 
the samples with concentration of  10100 mg/kg 
in P. africana and the other condiments had values 
close to this value. Calcium is a major constituent 
of  the bone and the blood concentration of  Ca has 
to stay relatively constant for the muscles and heart 
to function. It is a coordinator among inorganic 
elements; if  excess amounts of  K, Mg, or Na are 
present in the body, Ca is capable of  assuming a 
corrective role. If  the amount of  Ca is adequate 
in the diet, Fe is utilized to better advantage by 
sparing action (Fleck, 1976). Magnesium is an 
activator of  many enzyme systems and maintains 
the electrical potential in nerves (Shills and Young, 
1992). The highest quantity of  Mg was recorded 
in P. africana (166.32 mg/kg) while uncatalysed 
fermented P. biglobossa had the least quantity (71.42 
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mg/kg). Manganese concentration in fermented 
P. africana, 175.50 mg/kg, is high compared to the 
other samples; 40.80, 41.81 and 45.89 for catalysed 
P. biglobossa, I. gabonensis and P. biglobossa (woro) 
respectively. 
Table 3 shows the Na/K, Ca/Mg and K/(Ca+Mg) 
ratios calculated for the condiments from Table 2. 
Both Na and K are required to maintain osmotic 
balance of  the body fluid, pH of  the body, regulation 
of  muscle and nerve irritability, control of  glucose 
absorption and enhance normal retention of  
protein during growth (Achinewhu, 1986). A 
ratio of  Na/K of  less than 1.00 is recommended 
(Achinewhu, 1986). The Na/K ratio of  iru woro 
and iru pete which are 1.37 and 1.33 respectively 
are above the recommended ratio while those of  
Irvingia gabonensis and P. africana are less than 1.0. 
This makes these condiments natural remedy 
for high blood pressure problems and related 
diseases. The Ca/Mg ratio are very high for all the 
condiments while the K/(Ca+Mg) ratios are less 
than 2.2 milliequivalent, the recommended value 
for hypomagnesemia prevention (Guerrero and 
Isasa, 1997).
 Table 3: Metal ion ratio of  the condiments
Antimicrobial
The antimicrobial activities of  the extracts are 
shown in Tables 4 – 7. The inhibition activity on 
the microorganisms by extracts varied; some were 
active at 12.5 mg/ml while some could not show 
activity beyond 50 mg/ml. At 6.25 mg/ml no 
extract showed any activity on the microorganisms. 
The effects of  the extracts on the activities of  
the bacteria are low (when at all present) and 
only at high concentrations. These activities are 
very low compared to the effect of  the standard 
antibacterial drug on the microorganisms. The 
antibacterial drug had has much as 36 ± 1 zones 
of  inhibition on some bacteria while the highest 
zone of  inhibition recorded for the extract was 
26 ± 1, found for methanolic extract of  catalysed 
fermented P. biglobosa seed. Bacteria like Bacillus and 
Staphylococcus species are the major microorganisms 
employed in converting seeds to condiments 
through fermentation and this may explain the 
non-effectiveness of  the extracts on the bacteria 
species. Several authors have isolated Bacillus and 
staphylococcus species as dominant bacteria during 
fermentation of  beans and other leguminous 
proteins (Achi, 1992; Omaturbe et al., 2000). The 
activities of  the fungi were however highly hindered 
by the methanolic and ethyl acetate extracts of  the 
samples with high diameters of  zones of  inhibition 
recorded for the methanolic extracts. Staphylococcus 
typhi and Klebsiella pneumoniae were resistant to all the 
extracts at all concentrations except the methanolic 
extracts of  iru pete which showed inhibition at high 
concentration. The high acid content and other 
compounds present in the catalyst used in aiding 
fermentation of  iru pete may be responsible for this 
activity (Odebunmi et al., 2002; Al-Kahtani and 
Hassan, 1990; Qi et al., 2005). It was observed that 
the antimicrobial activities of  the iru pete sample 
was far higher than the iru woro which was made 
from the same seed. The presence of  hibiscus acid 
and other acids in Habiscus sabdariffa was likely to 
be responsible for this additional activity recorded 
for iru pete. Methanolic extracts inhibition zones in 
some cases are greater than that of  the reference 
drug; for instance the zone of  inhibition of  iru pete 
at 200 mg/ml were 24 ± 0, 25 ± 1, 27 ± 1, 24 ± 1, 
Metal ion Irvingia  P. biglobossa P. biglobossa P. Africana
ratio gabonensis fermented (Woro) fermented (Pete) (fermented)
Na/K 0.098 1.37 1.33 0.21
Ca/Mg 87.96 128.17 118.75 60.84
K/(Ca+Mg) 0.64 0.025 0.024 0.15
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22 ± 2, 22 ± 0 on C. albicans, A. niger, R. stolon, P. 
notatum, T. rubrum and E. floccosum respectively, while 
that of  Tioconazole (10 µg/ml) on the same fungi 
were 24 ± 0, 21 ± 1, 21 ± 1, 21 ± 3, 21 ± 1 and 21 
± 1 respectively. Similar observations were obtained 
for the P. africana (okpei). Conclusively, the extracts 
are good natural sources for antifungal drugs which 
are of  great health benefit to consumers of  these 
condiments as antidote for fungi induced diseases. 
Table 4: The antimicrobial activity of  extracts of  Irvingia gabonesis seed
Table 5: The antimicrobial activity of  extracts of  fermented Parkia biglobossa seed (iru woro)
                                               Microorganism 
Conc (mg/ml) S. a E. coli B. sub P.  a Kleb S. ty C. a A. n Rhiz Pen T. r E. f
N-hexan 200 15 ± 1 13 ± 1 13 ± 1 10 ± 0 10 ± 0 nd 14 ± 0 15 ± 1 13 ± 1 11 ± 1 13 ± 1 15 ± 1
100 12 ± 0 11 ± 1 10 ± 0 nd nd nd 11 ± 1 12 ± 0 10 ± 0 nd 10 ± 0 13 ± 1
50 10 ± 0 nd nd nd nd nd nd 10 ± 0 nd nd nd 10 ± 0
E. acetate 200 14 ± 0 12 ± 0 12 ± 0 14 ± 0 11 ± 1 nd 16 ± 0 19 ± 1 14 ± 0 19 ± 1 19 ± 1 17 ± 1
100 12 ± 0 10 ± 0 nd 10 ± 0 nd  nd 14 ± 0 15 ± 1 12 ± 0 16 ± 0 15 ± 1 14 ± 0
50 10 ± 0 Nd nd nd nd nd 12 ± 0 12 ± 0 10 ± 0 14 ± 0 12 ± 0 12 ± 0
25 nd Nd nd nd nd nd 10 ± 0 10 ± 0 nd 12 ± 0 10 ± 0 10 ± 0
Methanol 200 14 ± 0 12 ± 0 10 ± 0 nd nd nd 14 ± 0 18 ± 0 16 ± 0 18 ± 0 19 ± 1 21 ± 1
100 12 ± 0 10 ± 0 nd nd nd nd 10 ± 0 13 ± 1 14 ± 0 16 ± 0 16 ± 0 17 ± 1
50 10 ± 0 nd nd nd nd nd nd 10 ± 0 12 ± 0 14 ± 0 14 ± 0 15 ± 1
25 nd nd nd nd nd nd nd nd 10 ± 0 12 ± 0 12 ± 0 12 ± 0
Negative 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0
Positive 35 ± 1 34 ± 0 36 ± 0 34 ± 0 36 ± 0 32 ± 0 24 ± 0 21 ± 1 22 ± 2 21 ± 1 23 ± 1 22 ± 0
                                          Microorganism
Conc (mg/ml) S. a E. coli B. sub P. a Kleb S. ty C. a A. n Rhiz Pen T. r E. f
N-hexane 200 14 ± 0 12 ± 0 10 ± 0 12 ± 0 10 ± 0 nd 23 ± 1 20 ± 0 21 ± 1 18 ± 0 16 ± 0 14 ± 0
100 12 ± 0 10 ± 0 nd 10 ± 0 nd nd 20 ± 0 15 ± 1 18 ± 0 14 ± 0 14 ± 0 12 ± 0
50 10 ± 0 nd nd nd nd nd 16 ± 0 12 ± 0 14 ± 0 10 ± 0 12 ± 0 10 ± 0
25 Nd nd nd nd nd nd 14 ± 0 10 ± 0 12 ± 0 nd 10 ± 0 0 ± 0
E. acetate 200 12 ± 0 10 ± 0 12±0 10±0 nd nd 22 ± 2 20 ± 0 18 ± 0 16 ± 0 14 ± 0 20 ± 0
100 10 ± 0 nd nd nd nd nd 19 ± 1 16 ± 0 14 ± 0 14 ± 0 12 ± 0 16 ± 0
50 nd nd nd nd nd nd 14 ± 0 14 ± 0 12 ± 0 11 ± 1 10 ± 0 14 ± 0
25 nd nd nd nd nd nd 12 ± 0 12 ± 0 10 ± 0 5 ± 5 nd 12 ± 0
Methanol 200 12 ± 0 nd nd nd nd nd 20 ± 0 18 ± 0 20 ± 0 18 ± 0 16 ± 0 18 ± 0
100 10 ± 0 nd nd nd nd nd 14 ± 0 14 ± 0 16 ± 0 14 ± 0 14 ± 0 14 ± 0
50 nd nd nd nd nd nd 12 ± 0 12 ± 0 14 ± 0 12 ± 0 12 ± 0 12 ± 0
25 nd nd nd nd nd nd 10 ± 0 10 ± 0 12 ± 0 10 ± 0 10 ± 0 10 ± 0
Negative 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0
Positive 35 ± 1 35 ± 1 33 ± 1 34 ± 0 34 ± 2 33 ± 1 22 ± 2 22 ± 0 22 ± 2 23 ± 1 23 ± 1 21 ± 1
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Table 6: The antimicrobial activity of  extracts of  catalysed fermented Parkia biglobossa seed (iru pete)
Table 7: The antimicrobial activity of  extracts of  fermented Prosobis africana seed
nd = not detected
Key: S. a = Staphylococcus aureus, E. coli = Escherichia coli, B. sub = Bacillus subtilis, P. a = Pseudomonas aeruginosa, Kleb = Klebsiella 
pneumoniae, S. ty = Salmonella typhi, C. a = Candida albicans, A. n = Aspergillus niger, Rhiz = Rhisopus stolon, Pen = Penicillum notatum, T. r 
= Trichophyton rubrum, E. f  = Epidermophyton floccosum, Negative = solubilising solvent, Positive = Gentamicin (1 µg/ml) for bacteria and 
Tioconazole (10 µg/ml) for fungi.
                                                   Microorganism 
Conc (mg/ml) S. a E. coli B. sub P.a Kleb S. ty C.a A.n Rhiz Pen T.r E. f
N-hexane 200 12 ± 0 10 ± 0 12 ± 0 14 ± 0 11 ± 1 nd 16 ± 0 14 ± 0 21 ± 1 18 ± 0 14 ± 0 18 ± 0
100 10 ± 0 nd nd nd nd nd 14 ± 0 12 ± 0 18 ± 0 15 ± 1 12 ± 0 16 ± 0
50 nd nd nd nd nd nd 12 ± 0 10 ± 0 14 ± 0 11 ± 1 13 ± 3 13 ± 1
25 nd nd nd nd nd nd 10 ± 0 nd 12 ± 0 nd nd 10 ± 0
E. acetate 200 16 ± 0 14 ± 1 nd 16 ± 0 12 ± 1 nd 19 ± 1 16 ± 0 14 ± 0 12 ± 0 15 ± 1 12 ± 0 
100 14 ± 0 12 ± 0 nd 12 ± 0 10 ± 0 nd 14 ± 0.5 14 ± 0 12 ± 0 10 ± 0 12 ± 1 10 ± 0
50 12 ± 0 10 ± 0 nd 10 ± 0 nd nd 12 ± 0 12 ± 0 10 ± 0 nd 10 ± 0 0 ± 0
25 10 ± 0 nd nd nd nd nd 10 ± 0 10 ± 0 nd nd nd 0 ± 0
Methanol 200 26 ± 0 24 ± 0 26 ± 0 24 ± 0 25 ± 1 13 ± 1 24 ± 0 25 ± 1 27 ± 1 24 ± 0 22 ± 2 22 ± 0
100 20 ± 0 18 ± 0 20 ± 0 18 ± 0 20 ± 0 10 ± 0 20 ± 0 20 ± 0 20 ± 0 20 ± 0 19 ± 1 18 ± 0
50 17 ± 1 15 ± 1 16 ± 0 16 ± 0 14 ± 0 nd 16 ± 0 14 ± 0 15 ± 1 12 ± 2 16 ± 0 13 ± 1
25 13 ± 1 13 ± 1 12 ± 0 12 ± 0 12 ± 0 nd 13 ± 1 12 ± 2 12 ± 0 12 ± 0 12 ± 0 10 ± 0
12.50 10 ± 0 10 ± 0 10 ± 0 10 ± 0 10 ± 0 nd 10 ± 0 10 ± 0 10 ± 0 10 ± 0 10 ± 0 0 ± 0
Negative 0 ± 0 0 ± 0 0 ± 0  0 ± 0 0 ± 0  0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0
Positive 35 ± 1 33 ± 1 33 ± 1 36 ± 0 33 ± 1 34 ± 0 24 ± 0 21 ± 1 21 ± 1 21.5 ± 0.5 23 ± 1 21 ± 1
    Microorganism 
Conc (mg/ml) S.a E. coli B. sub P. a Kleb S. ty C. a A. n Rhiz Pen T. r E. f
N-hexane 200 12 ± 0 10 ± 0 12 ± 0 10 ± 0 nd nd 14 ± 0 16 ± 0 12 ± 0 11 ± 1 12 ± 0 10 ± 0
100 10 ± 0 nd nd Nd nd nd 12 ± 0 14 ± 0 10 ± 0 5 ± 5 nd 0 ± 0
50 Nd nd nd Nd nd nd 10 ± 0 12 ± 0 nd nd nd 0 ± 0
E. acetate 200 13 ± 1 12 ± 0 11 ± 1 6 ± 6 nd nd 18 ± 0 20 ± 0 21 ± 3 18 ± 2 19 ± 5  17 ± 1
100 11 ± 1 10 ± 0 5 ± 5 Nd nd nd 16 ± 0 15 ± 1 17 ± 1 15 ± 1 16 ± 4 15 ± 1 
50 5 ± 5 nd nd Nd nd nd 13 ± 1 13 ± 1  13 ± 1 13 ± 1 13 ± 3 13 ± 1
25 nd nd nd Nd nd nd 10 ± 0 11 ± 1 11 ± 1 11 ± 1 7 ± 7 11 ± 1
12.50 nd nd nd Nd nd nd nd 5 ± 5 5 ± 5 5 ± 5 5 ± 5 5 ± 5
Methanol 200 21 ± 1 22 ± 2 21 ± 1 19 ± 1 14 ± 0 nd 23 ± 1 20 ± 0 18 ± 0 24 ± 0 21 ± 1 23 ± 1
100 18 ± 0 17 ± 1 16 ± 0 16±0 12±0 nd 20 ± 0 17 ± 1 14 ± 0 20 ± 0  16 ± 0 18 ± 0
50 16 ± 0 14 ± 0 14 ± 0 14±0 10±0 nd 16 ± 0 13 ± 1 10 ± 0 15 ± 1 14 ± 0 14 ± 0
25 12 ± 0 12 ± 0 12 ± 0 10±0 nd nd 14 ± 0 10 ± 0 nd  12 ± 0 10 ± 0 12 ± 0
12.50 10 ± 0 10 ± 0 10 ± 0 Nd nd nd 10 ± 0 nd nd 10 ± 0 nd 10 ± 0
Negative 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0  0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0
Positive 36 ± 2 36 ± 0 3 4 ± 0 32 ± 0 34 ± 0 34 ± 2 24 ± 0 21 ± 1 21 ± 1 21 ± 3 21 ± 1 21 ± 1
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Conclusion
Seeds are good sources of  nutrients to humans 
and the functions of  these nutrients are numerous 
in man. Macro- and micro-nutrients in fermented 
legumes contribute immensely to enhancing food 
quality. When considering nutrients and minerals 
derivable from the condiments, Irvingia gabonensis 
is the condiment of  choice but in terms of  
antimicrobial inhibition activity benefits, iru pete 
is a preferred choice. It is also of  importance to 
note that the seed oils are not extracted before 
converting the seeds into condiments, thus the 
lipophylic components of  the seeds transfer 
the organoleptic properties of  the seed into the 
diets. Generally, the nutrients imbedded in these 
condiments are too substantial to be ignored or left 
for local producers to handle; industrial production 
should be encouraged, as already being done for P. 
biglobosa as ‘dadawa.’
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